Abstract.-dl-2- (7,7,trans,transs-dodecatrienyl)-3-methylcyclopent-2-enol was prepared by reduction of the corresponding ketone. This tetraenol, on treatment with trifluoroacetic acid, underwent stereoselective cyclization to give dl-3,17-dimethyl-A-nor-D-homoestra-3,16-diene. This tetracyclic material was readily converted, by oxidative cleavage to the bicyclic triketo aldehyde followed by a double aldol cyclization, into dl-19-nor-16,17-dehydroprogesterone.
represented by formulas 1 --2 --4 --6(R = CH3), has been modified to give steroids in the 19-nor series. Thus we have gained access, by a novel approach, to a steroid type which is of importance in medicine, particularly in the field of oral contraception. Reduction of ketone 1 with sodium borohydride afforded an oxygen-sensitive alcohol (2, R = H) which underwent cyclization in the presence of trifluoroacetic acid at -78°to form the 19-nor-A-nor-D-homosteroid 4(R = H). Cyclization in this manner, rather than in the opposite sense to give an isomer with an angular methyl group between rings A and B, is analogous to the behavior already ob-served in a bicyclic series.2 As observed earlier,1 where R was CH3, alcohol 3 (R = H) was a significant by-product which could be dehydrated to give further diene 4(R = H). The over-all conversion of 1 to pure crystalline 4 Experimental. -dl-2-(7,11-Dimethyl-3,7,11-trans,trans-dodecatrienyl) -3-methylcyclopent-2-enol (2, R = H): A solution of 250 mg (0.87 mmole) of 2-(7,11-dimethyl-3,7,11-trans, trans-dodecatrienyl)-3-methylcyclopent-2-enone' (1) in 10 ml of absolute ethanol was treated at room temperature with 250 mg of sodium borohydride in 2.5 ml of water. After 4.5 hr, another 100 mg of sodium borohydride was added. At the end of another hour, thin-layer chromatographic analysis showed that only a trace of UV-absorbing material was still present. Acetone (2 ml) and then water were added to the reaction mixture. A large volume of ether was added, and the ether layer was washed with saturated brine and then dried (Na2SO4). Evaporation afforded 250 mg (100%) of oily hydroxytetraene (2, R = H).
In a similar experiment, a short-path distillation of this oil at 135-140°(2 ti) afforded a colorless oil (ca. 74% recovery); n25D 1 dl-3,17-Dimethyl-A-nor-D-homoestra-3,16-diene (4, R = H): A solution of 2 gm (6.9 mmoles) of 2 (R = H) in 1300 ml of methylene chloride was flushed with nitrogen and cooled to -78°w ith a dry ice-methylene dichloride bath. The solution was stirred while 38 ml of trifluoroacetic acid was added over a 5-min period. The stirring was stopped at the end of the addition, and the pink reaction mixture was kept at -78°C for 18 hr.
(In a similar experiment, stirring at -780 for 4 hr gave similar results.) The reaction mixture was added to 700 ml of saturated NaHCO3 solution, and the aqueous layer was washed with a small volume of CH2Cl2. The combined CH2Cl2 layers were dried (Na2SO4) and concentrated to afford 2.33 gm of oil. Chromatography of this oil on 120 gm of Florisil (60-100 mesh) with 100% pentane for elution afforded 430 mg of tetracyclic material, which gave a major peak on gas-liquid phase chromatography (glpc) representing 86.5% of the total area together with several minor peaks. It is believed that this major peak represents desired hydrocarbon 4(R = H) together with some A'7 isomer. The column was then eluted with ether to give 1.57 gm of more-polar material (containing 3, R = H) which was dissolved in 20 ml of dry pyridine and treated with 2 ml of phosphorus oxychloride. After the reaction mixture had stood overnight at room temperature, ether (100 ml) was added, followed by very careful addition of ice. Water and ether were added, and the ether layer was washed with dilute HCl, saturated NaHCO3, and NaCl solutions. The ether solution was dried (Na2SO4) and concentrated to afford 1.34 gm of residue which was chromatographed on 150 gm of Florisil (60-100 mesh) with pentane for elution. Another 380 mg of tetracyclic material was obtained of which (by glpc) 85.5%o was a mixture of 4(R = H) and the & 17,17a isomer. Both tetracyclic fractions were combined (ca. 39% yield of single-peak (glpc) material) and were recrystallized from ethanol to afford 450 mg (24% yield) of 4(R = H), which softened at 680 and melted at 72-74°. The analytical sample, obtained from a similar experiment, melted at 78.5-79.5°(after further recrystallization from ethanol); NMR (CDCl3), peaks at S 0.80 (C-18 methyl), 1.58 (C-3 and C-20 methyls), and 5.27 ppm (C-16 vinyl H, half width approx. 8.0 Hz).
Analysis: Calculated for C2,H30: C, 88.82; H, 11.18. Found: C, 88.9; H, 11.2.
dl-19-Nor-16,17-dehydroprogesterone (6, R = H): A solution of 260 mg (0.96 mmole) of 4(R = H), mp 74-76.5°, in 40 ml of methylene dichloride and 0.5 ml of pyridine was cooled with stirring to -78°. Ozone was bubbled through the solution until a blue color developed. The solution was stirred for another 15 min and 0.5 gm of zinc powder was added. Acetic acid (2.5 ml) was added and the stirred solution was allowed to warm to room temperature (0.5 hr). The solution was washed with saturated NaHCO3 and brine. The organic layer was dried (Na2SO4) and concentrated to afford 280 mg of oil. This oil was dissolved in acetone, some solid was removed by filtration, and the filtrate was chro- A solution of 110 mg (0.33 mmole) of chromatographed 5(R = H) in 27 ml of a solution made from 30 ml of acetic acid, 3 ml of concentrated hydrochloric acid, and 0.75 ml of water was refluxed under nitrogen for 2.5 hr. The reaction mixture was concentrated to a residue which was extracted with 300 ml of ether. The ether was washed with saturated NaHCO3 and brine. The alueous layers were backwashed with a small volume of ether. The combined ether layers were dried (Na2SO4) and concentrated to afford 105 mg of a yellow oil that solidified. The residue was put on two 20 X 40-cm preparative silica gel plates which were developed twice with ether. The main ultraviolet-absorbing band was eluted to afford 60 mg (61%) of 6(R = H), mp 139.5-142°C (Kofler hot stage). VOL. 62, 1969 
